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Na0.44Mn02 as a cathode material for aqueous sodium-ion batteries
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The application of rechargeable batteries is growing
significantly and it became the nlost important field for large-
scale electric energy storage. While lithiuln-ion batteries
(LIBs) have great commercial success, due to their large
energy and power density, their application was limited
because of the availability of lithiunl and its high cost.
Sodiunl-ion batteries (SIBs) can be a promissing alternative
due to the huge availability of sodium, its low price and
similar intercalating electrochelnistry to LIBs [1]. Among
various Na-ion battery materials, low-cost and tunnel-type,
Na0.44Mn02 (NMO) was regarded as one of the most
pronlising cathode materials for sodium-ion batteries,
because of its high theoretical specific capacity (122 rnA h g-
1) and good cyclability [2]. In this work, for the synthesis of
NMO powder, rapid glycine-nitrate nlethod (GNM) was
used, which, on the basis of the literature review, has not
been used to synthesize this material so far.
Figure 1. The discharge/charge capacity of Na044Mn02 vs.
nU111ber of cycles (left) and current rates (right) in aqueous
NaN03 solution.
Na044Mn02 as a potential cathode material for sodium-ion
batteries, was synthesized by glycine-nitrate lllethod (GNM).
Powder syntesis procedure includes preparation and mixing
ofNaN03 and Mg(N03)2 aqueous solutions, corresponding to
a stoichiollletric ratio of 0.44 for Na/Mn. Glycine was added
to the mixture with lllolar ratio of glycine-to-nitrate 1.2. The
resulting precusor sol ution was placed in a glass beaker and
heated in an oven until spontaneous ignition occurred. The
obtained pO\\1der was heated in the air at 900°C for 4 h. The
structure and 1110rphology of synthesized powder \\fere
characterized by X-ray diffraction (XRD) and field-emission
scanning electron 11licroscopy (FESEM). XRD patterns were
recorded at Philips PW-I050 over a 28 range 10-700 with a
step of 0.05 0 and a counting tilne of 5 s. The nlorphology of
the synthesized povvder was analyzed by FESEM (TESCAN,
MIRA3 XMU) at 20 kV. The electrochelnical behavior of
NMO \\1as investigated by cyclic voltanlmetry (CY) and
chronopotentioll1etry (CP) in NaN03 aqueous solution.
Electrochemical performances were tested by cyclic
voltammetry and chronopotentiometry using Gamry PCI4/
300 Potentiostat/ Galvanostat/ ZRA) in NaNG3 aqueous
solution. A platinum foil was used as a counter electrode,
while saturated calomel electrode was used as a reference
electrode. The working electrode was made of NMO povvder
(850/0), carbon black (100/0) and polyyinylidene fluoride (50/0),
as binder, in a certain amount of N-methyl-2-pyrolidone, as
solvent. The suspension was homogenized in an ultrasonic
bath to form a homogeneous slurry and afterwards transferred
on glassy carbon rod and dried under vacuum 10-2 nlbar at
140°C for 4 h. The phase structure of the product was
identified as orthorhombic structured Na0.44Mn02 with Pbam
space group (JCPDS No.27-0750). A minor amount of
impurities was detected and identified as Mn203 (JCPDS
No.75-1560) [3]. The average width and length of uniform
rod-like particles were found to be ~80 nln and ~800 nm,
respectively. CVs shovved is capable of
intercalating/deintercalating sodium ions in an aqueous
electrolyte solution. The initial charge and discharge specific
capacity, measured in aqueous solution ofNaN03 at scan rate
of20 mV S-l, amounted to 30,6 nlA h g-l and 27,1 InA h g-I,
respectively. It increases (Fig.1) throughout
charging/discharging, reaching the value of 51.4 rnA h g-l
and 48.9 rnA h g-I, after 30 cycles. CP rneasurenlents'
revealed that the capacity decreases wi th the increase of the
current rates. It's discharging values were found to be 59.4
nlA h g-l at 0.5 A g-l and 27.8 rnA h g-l at 10 A g-I (Fig.I).
Relatively high discharge capacity makes it prOlnising
cathode material for aqueous rechargeable sodiUJll-ions
batteries. This study was supported by the Ministry of
Education, Science and Technological Developlllent of the
Republic of Serbia under Grant no JII45014 and the Serbian
Academy of Sciences and Arts through the project F-190
"Electrocatalysis in the contemporary processes of energy
conversion".
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